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Abstract 
Acceleration and strain responses of a BMX bicycle in common cycling situations and in a race simulation are investigated. A 
comprehensive set of data is acquired by a specifically developed measurement and analysis system. The data-acquisition and 
signal conditioning device is run by customised application software enabling a sampling frequency of 1000Hz for 
simultaneous acquisition of 28 measurement channels; 24 channels for strain and 4 channels for acceleration. Comprehensive 
results of strains and accelerations are presented, with strains being measured on fork, handlebar, top tube, down tube, seat stays 
and chain stays and accelerations being obtained at both dropouts, the stem and the seat clamp. The data provides quantitative 
results on strain levels throughout the frame, and in local regions where failure is known to occur. Accelerations from -25g to 
43g and magnitudes of strain of up to 2750μe are obtained. An estimate of maximum stress of 190MPa generated within the 
frame is calculated. Shear strains which are up to 84% higher than were obtained in static tests are generated in race 
simulations. The paper provides significant insight into the complexity of the dynamic loads a BMX bicycle – rider system is
subjected to, providing the basis for future optimisations of BMX bicycle frames. 
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1. Introduction 
Bicycle motocross (BMX) cycling is characterised by complex and high magnitude load inputs resulting from 
jumps, impacts, surface irregularities and rider interactions. Information on what loads a BMX bicycle is subjected 
to and resulting structural responses in actual use does not appear to exist within the public domain. To ensure 
safety of products, and enable performance optimisation, more detailed knowledge about the applied loads and 
structural responses of BMX bicycles is essential.  
There exist a number of studies investigating loads acting on road bicycles (e.g. Bluemel et al. (2007), Stone and 
Hull (1995)) and mountain bicycles (e.g. Champoux et al. (2004), De Lorenzo and Hull (1999)). Analyzing the 
literature, three specific observations can be made regarding areas where knowledge is sparse and inconsistent. 
Firstly, while a certain amount of information can be found on forces at points close to load inputs (e.g. handlebars, 
stem, pedals and hubs), almost no information is available regarding strains and deformations on the frame. 
Secondly, within the literature, studies measuring loads did not measure accelerations and vice versa; except of 
Barski et al. (1995) who; however, does not provide information on accelerations measured. This is significant, as 
it means that the connection between the external dynamic inputs from the rider and environment and the strains 
experienced by the frame is not well understood. Thirdly, there is a wide range of sampling frequencies used in the 
past studies (200-2500Hz) demonstrating that there is a lack of understanding of what sampling frequencies are 
required to adequately characterise bicycle performance. 
The aim of the current work was to obtain and analyse the strain and acceleration structural responses on a BMX 
racing bicycle in common cycling situations and in a race simulation on a BMX race track. Moreover, by 
measuring strains and accelerations simultaneously, it is intended to provide understanding of the dynamic nature 
of load inputs during cycling. 
2. Methodology 
A BMX racing bicycle with an aluminium alloy 6061-T6 frame and a steel fork and handlebar was used for 
testing. 24 strain gauges and 4 accelerometers were mounted on the bicycle. Data was acquired for the following 
test scenarios: jumping off a kerb, riding head on against a kerbside, the start of a race simulation and a tabletop 
jump landing on the plateau. The test scenario “riding head on against a kerbside” was carried out with a speed of 
12-15km/h on a kerb with a height of 55mm. In the test scenario “jumping off a kerb” the rider hopped off a kerb 
with a height of 110mm at a speed of 22-25km/h. The race simulation was performed on a BMX racing track by an 
elite BMX cyclist including the starting sequence and the tabletop jump. 
The data obtained was analysed by a specifically developed MATLAB program plotting the time behaviour of 
strains and accelerations, determining maximum values for each sensor location, and comparing strains generated 
and accelerations occurring in the different scenarios. 
The development of the measurement and analysis system used in this study is subject of another publication to 
be followed (Koellner et al. (2014)). 
3. Measurement system definition 
3.1. Definition of sampling rates and measurement locations 
Due to the uncertainty regarding the exact frequency content of vibration phenomena on bicycles in use, 
assessment tests have been performed by intentionally oversampling using a sampling frequency of 10000Hz. The 
data obtained was analysed in a MATLAB program which down-sampled the signals to simulate frequencies of 
100Hz, 200Hz, 500Hz, 1000Hz and 2000Hz. The frequency spectra and the acceleration profiles of the differently 
sampled signals are compared. It was found that the lower frequencies (100Hz, 200Hz) clearly give a poorer 
representation. The sampling frequencies 10000Hz, 2000Hz and 1000Hz show an almost identical frequency 
spectrum, whereas slight differences can be noted for 500Hz. Moreover, it was determined by comparing the 
620   Anton Koellner et al. /  Procedia Engineering  72 ( 2014 )  618 – 623 
acceleration profiles that frequencies below 1000Hz tend to clip peaks in acceleration. Hence, a sample frequency 
of 1000Hz was determined to optimally acquire the signals. 
The single input scenarios were also filmed with high-speed camera (600 frames per second) providing 
information about possible high deformation areas on the bicycle. The area close to the joint of top tube and down 
tube with the head tube appeared to experience high deformation. Such information was used evaluating possible 
locations for the application of strain gauges for the final test set-up. 
3.2. Specifications of measurement and analysis system 
The data acquisition (DAQ) unit chosen was the National Instruments controller-chassis NI cRIO 9076 offering 
four slots for signal processing modules. The DAQ-unit with the specifically developed application software 
(LabVIEW realtime FPGA project) enables the simultaneous acquisition of 28 measurement channels for 
accelerations and strains with the optimal sample frequency defined and 24bit ADC resolution. The application 
software enables the DAQ-unit to run as a stand-alone device and performs signal processing procedures, such as 
an error-factor calculation and a zero-offset calculation. The data is stored on the chassis which offers data storage 
capacity for a total of about 100min. 24 strain gauJHVZLWKDQRPLQDOUHVLVWDQFHRIȍand a total of four piezo-
electric accelerometers were applied to the bicycle. Figure 1 shows all 28 sensor location on the BMX racing 
bicycle. The DAQ-unit (chassis and modules) is mounted behind the seat post and weighs 1300g. After testing and 
downloading the data stored on a PC offline data analysis, as described in section 2, is performed by a MATLAB 
script. 
Figure 1: BMX racing bicycle with the measurement system showing all 28 sensor locations – strain gauge locations are displayed by Arabic 
numerals and accelerometer locations are displayed with Roman numerals; 1- fork front, 2 – fork back, 3 – handlebar top, 4 – handlebar down, 
5 – handlebar compare (top), sensors 6 to 9 on top tube (as displayed), sensors 10 to 18 on down tube (as displayed), 19 – chain stays top, 20 – 
chain stays down, 21 – chain stays compare (top), 22 – seat stays top, 23- seat stays down, 24 – seat stays compare (top); I – front dropout, II – 
rear dropout, III – stem, IV – seat clamp 
4. Results 
4.1. Common cycling scenarios – riding head on against a kerbside and jumping off a kerb 
For the test scenario riding head on against a kerbside, figure 2 displays accelerations occurring on the front part 
of the bicycle (sensor locations I, III) and strains generated on the bottom side of the down tube (sensor locations 
621 Anton Koellner et al. /  Procedia Engineering  72 ( 2014 )  618 – 623 
10, 11, 12, 13, 17) at the moment of the impact of the front wheel on the kerbside. The gauge positions in the 
legend refer to the positions defined in figure 1. 
  
Figure 2: Accelerations and strains measured in the scenario “riding 
head on against a kerbside” at the event of the impact of the front 
wheel on the kerbside 
 Figure 3: Comparison of strains measured at all sensor locations for  
 both common cycling scenarios (kerb – riding head on against a 
kerbside, jump – jumping off a kerb) 
 
 
Figure 2 shows that initially the deformation of the tyre following contact with the kerb is captured at 3.77s by 
the accelerations. Subsequently, strains are generated with a certain gradient along the down tube. At the event of 
the impact of the wheel rim on the kerb (3.78s) the front part of the BMX bicycle experiences a sharp, significant 
peak in acceleration. This results in a further increase of the gradient in strain. The maximum strain appears 0.005s 
after the peak in acceleration. For this event, a maximum strain magnitude of 2750μe was generated at sensor 
location 10 and accelerations of up to 43g occurred on the front dropout.  
For this scenario, as well as for the scenario “jumping off a kerb”, the highest magnitudes in strain were 
obtained at the area on the down tube and top tube close to the joint with the head tube (sensor locations 6, 10, 11, 
12). Figure 3 displays strains measured at all sensor locations at the event of maximum strain generated during the 
course of the test scenarios. Considering the magnitudes in strain both scenarios cause a similar distribution of 
strain to be generated on the bicycle; however, the maximum magnitude in strain measured at sensor location 10 is 
about 62% smaller in the scenario jumping off the kerb than for the case of riding head on against a kerbside. The 
significant difference in induced strain results from the superposition of vertical and horizontal load inputs at the 
hub of the front wheel, whereas jumping off a kerb mainly causes a vertical load input. In general, the load inputs 
in both scenarios cause bending moments in opposite directions on the frame which results in the distinct type of 
strain (compressive, tensile) along the frame for both scenarios. 
 
Table 1: Mean valued maximum accelerations occurring in each test scenario at each sensor location (FD – front dropout, RD – rear dropout, 
HB – handlebars, SC – seat clamp, Jump – jumping off a kerb, Kerb – riding head on against a kerbside) 
Scenario Location Max. Acceleration (+) [g] Min. Acceleration (-) [g] 
Jump FD 30.8 10.1 
RD 28.6 8.6 
HB 23.1 11.7 
SC 14.7 7.1 
Kerb FD 38.8 11.8 
RD 37.8 15.2 
HB 18.3 19.4 
SC 23.7 8.5 
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Table 1 lists the mean valued maximum vertical accelerations occurring in each test scenario at all sensor 
locations. Positive accelerations are directed upwards from the riding surface and negative towards the riding 
surface. Higher accelerations occurred in the scenario riding head on against a kerbside. Front dropout and rear 
dropout experience 21% and 24% higher accelerations respectively. Hence, by analysing maximum acceleration, 
differences in the severity of load input acting on the bicycle are indicated which provides additional information 
which compliments that in figure 2. 
The yield strength of the material used in the frame (aluminium alloy 6061-T6) is commonly quoted by material 
suppliers as being 241-276MPa. Considering the maximum strain measured and assuming linear elastic Hookean 
behaviour, an estimate of maximum stress of 190MPa caused by riding head on against a kerbside can be 
calculated for the location on the bottom side of the down tube about 30mm away from the welded joint. This 
equals approximately 69-79% of the yield strength. This is a high stress value for a consumer product and does 
correspond with known failure positions of BMX bicycles. The results demonstrate that this type of product is 
highly loaded, even in relatively normal usage. Prediction of these loads is complex, particularly because of the 
effect of the rider behaviour on the resulting loads. 
4.2. Race simulation 
Data for entire race simulations (approximately 50s) were acquired and analysed; however, in this paper, only 
the start off the ramp and a tabletop jump are described in detail. 
In the start off the ramp mainly dynamic rider-induced loads, such as pedalling and pulling on the handlebars, 
act on the bicycle. Figure 4 displays for the first three seconds of the race simulation the time behaviour of strains 
generated at the sensor locations which are significantly affected by such rider induced loads. Pedalling and pulling 
on the handlebars generates shear strains along the down tube measured by sensor locations 15 and 16. In addition, 
strains generated on the handlebars (sensor locations 3, 4, 5) are displayed in figure 4.  
A significant maximum magnitude in shear strain of 645μe was measured. In comparison, by applying a static 
load of 800N to one pedal strain of 350μe was generated at the same sensor location. Hence, the dynamic load 
input to the pedals and handlebars by an elite rider during the starting sequence results in an increase in shear strain 
at sensor location 16 by 84% compared to static tests with loads approximately equal to the weight force of the 
rider. The strain generated during the start off the ramp (655μe) at sensor location 16 is 64% higher than following 
the impact of the bicycle on the race track after the race track jump (400μe). 
The tabletop jump on the race track also caused the highest strains at the area on the down tube and top tube 
close to the joint with the head tube, as obtained for the common cycling scenarios. A maximum magnitude in 
strain of 1500μe was measured at the sensor location 10. 
Figure 4: Strains measured in the first 3 seconds at the start off the 
ramp on the race track 
 Figure 5: Comparison of maximum strains measured in the scenarios  
 jumping off a kerb (Street) and tabletop jump (Race track) 
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4.3. Comparison road – race tests 
Comparisons between the jumping scenario on the road (jumping off a kerb) and the jump on the race track 
(tabletop jump) are made since both scenarios illustrate a similar type of load input. In both scenarios, the bicycle 
impacts on the surface almost simultaneously with both wheels and a predominant vertical load input which results 
in almost similar time behaviour of strains and accelerations. Figure 5 compares maximum magnitudes in strain 
measured focusing on the high strain area on down tube and top tube (sensor locations 6, 10, 11, 12). As can be 
seen, strains obtained in the jump on the road caused up to 30% smaller strains for this region compared to the table 
top jump on the race track. Strains measured on the fork are 23% smaller. In contrast, the handlebars experience 
higher strains of up to 25%.  
Even though different in the load input characteristics, comparing the magnitudes in strain generated in the 
scenario riding head on against a kerbside and the tabletop jump on the race track, strains measured at the race 
track are 45% smaller at sensor location 10. All three aligned strain gauges at the down tube close to the joint with 
the head tube (sensor locations 10 to 12) and sensor location 6 experienced higher strains than the maximum strain 
measured for the race track simulation. 
5. Conclusions 
Measuring and analysing strains generated and accelerations occurring on a BMX racing bicycle in actual use 
provided insight into the relationships between the external dynamic load inputs and strains experienced by the 
bicycle in BMX cycling. 
The area on the down tube and top tube close to the joint with the head tube is clearly identified as a highly 
loaded region of the frame which coincides with known failure locations of BMX bicycles. The data obtained 
enables comparisons of what the frame is subjected to for different cycling scenarios. Differences in strains 
generated in comparably small jumps off a kerb, as it occurs in everyday cycling, and bigger jumps on a race track 
(table top jump) have been documented and illustrate the higher loads acting on BMX bicycles in racing scenarios.  
The characteristics of dynamic load inputs are described by the measured accelerations, providing information, 
such as peak values and shape of acceleration peaks. Moreover, measuring strains on the frame (down tube, top 
tube, seat stays and chain stays) provides essential, as yet unpublished information about the effect of rider-induced 
loads and loads resulting from the interaction of the bicycle with the environment on the frame. Magnitudes in 
strain generated on the bicycle frame are documented, as well as strains on handlebars and fork. Thus, exact data of 
structural responses on the frame is provided rather than information about magnitudes of loads acting on contact 
points such as, handlebars, hubs, seat and pedals, as has been done by the majority of investigations up to date. 
With regards to manufacturing BMX bicycles the information presented within this paper provides significant 
insight and the test system and methodology represent a large step forward in understanding the bicycle rider 
system in order to achieve optimal future frame designs. 
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